Background. Anal cancer is more common in women than in men, yet little is known about the natural history of human papillomavirus (HPV) in women. The objective was to examine the natural history of anal HPV in heterosexual women.
Anal cancer is the second most common anogenital (AG) cancer caused by human papillomavirus (HPV) [1] . Compared to cervical cancer, the most common AG cancer, anal cancer is relatively uncommon, occurring at a rate of approximately 1.5 per 100 000 population [2] . In the United States, females have a higher incidence than men. Recent estimates projected that 2250 men and 3980 women would be diagnosed with anal cancer in 2012 [2] . Alarmingly, the rate of invasive anal squamous cell carcinoma among females increased by 2.0% per year between the years 1973 and 2009 [2] . Reasons for this increase are unknown, but sexual practices have likely played a role. Anal intercourse, multiple lifetime sexual partners, and smoking are known risks for anal cancer, and data suggest these practices have increased over time in women [3] [4] [5] [6] .
Most studies of the natural history of HPV in women have focused on the cervix. By contrast, most investigations of the links between HPV and anal cancer have focused on immunocompromised men infected with human immunodeficiency virus (HIV), and, to a lesser extent, HIV-infected women. The few existing studies focusing on HPV and anal cancer in nonimmunocompromised women have been cross-sectional [7] [8] [9] , with the exception of a longitudinal investigation of anal HPV infection by Shvetsov et al [10] . These investigators reported a clearance rate of 58% over 1.2 years in college-aged women, similar to that seen in the cervix. Tobacco use, douching, and anal sex were associated with slower clearance. Risk factors for anal cancer include both anal sex and cigarette smoking [4, 11] .
The objective of this study was to examine the natural history of anal HPV in heterosexual women who have been followed for at least 3 years, and to examine risk factors associated with HPV persistence in the anus.
MATERIALS AND METHODS

Subject Population
Women selected for this study were participating in the University of California, San Francisco (UCSF) HPV natural history study. Recruitment of these women has been detailed previously [12] [13] [14] [15] . In brief, women were required to be sexually active <5 years, aged 13-21 years, nonpregnant, nonimmunocompromised, and have no history of cervical dysplasia. From 1990 to 1994, 908 women were recruited from a state university medical clinic and a Planned Parenthood clinic if they were positive for HPV DNA on cervical screening. A smaller, random group of HPV DNA-negative women were also recruited. In 1999, women who had become cervical HPV DNA negative for >2 years (a minimum of 7 consecutive negative cervical HPV DNA tests at 4-month intervals) were discontinued: 125 (31%) continued in the study after 1999. Between 2000 and 2004, 651 additional women were enrolled from the same sites in a second wave of recruitment. However, women were randomly approached and not recruited based on HPV DNA status. Other inclusion and exclusion criteria, as described above, were applied for entry into the study. This study was approved by the UCSF and San Francisco State University institutional review boards. Women were interviewed on sexual and substance use behaviors and examined at 4-month intervals as detailed previously [13, 14, 16] . Anal sex practice questions included self-reported indicators of anal intercourse, condom use during anal sex, and anal touching using fingers or mouth. Examinations included cervical samples for HPV DNA testing, cytology, and wet mounts for diagnosis of Trichomonas vaginalis, yeast, and bacterial vaginosis [12, [14] [15] [16] . Samples for Chlamydia trachomatis and Neisseria gonorrhoeae were obtained at annual visits or if symptoms were present. Lesions suggestive of herpes simplex virus (HSV) were tested by commercial laboratories. Starting in 1991, women were asked but not required to undergo anal HPV testing in addition to the above tests. For inclusion in this analysis, women had to have at least 1 anal sample positive for HPV and at least 3 years of anal samples collected.
HPV Testing
For participants consenting to anal testing, a moistened Dacron swab was placed 2 cm into the anal canal and rotated 3 times, removed, and placed into normal saline. DNA was extracted from anal specimens using a commercial DNA extraction kit (QIAamp MinElute Media, Qiagen, Valencia, California) according to the manufacturer's instructions. HPV DNA typing for anal samples used the polymerase chain reaction (PCR)-based PGMY09/11 primer system as previously described [13, 14] . The linear array assay utilizes amplification of target DNA by PCR from 37 HPV genotypes (6, 11, 16, 18, 26, 31 Time to clearance for a specific HPV type was defined as the time (in days) between the visit of the first positive anal test inclusive of the baseline visit, and the first of 2 subsequent consecutive negative visits. Infections not meeting this definition of clearance were treated as censored in analyses. Women contributed at most 1 clearance time for infection with a specific type. For groups of types, women were allowed to contribute clearance times for each type detected. The distribution of clearance times was summarized using Kaplan-Meier estimates. Differences in distributions between specific HPV types were evaluated using Wilcoxon test, and differences between HPV groups were tested using Cox regression models with robust standard error estimates to account for within-woman correlations in clearance times.
Cox proportional hazards regression models were used to examine the effects of fixed and time-varying predictors on HPV clearance. Separate models were fitted for clearance of HPV-16, non-16 HR-HPV infections, and all HR-HPV infections. Definition of clearance events and censoring mirror the description given above. Inferences for models for groups of types used robust standard error estimates. Definition for clearance of all HR types was defined as 2 consecutive visits with no HR-HPV DNA detected. Women were allowed to contribute only once in this analysis starting with first visit with HR-HPV DNA detection.
Predictors were initially entered singly in regression models. Variables with marginal associations significant at the ≤10% level were retained for further analyses in multivariable models. Proportionality tests were performed for the models using the Schoenfeld residual approach.
To investigate risk factors for clearance of simultaneous multiple infections with non-16 HR-HPV types detected in a given woman, we conducted additional regression analyses with the clearance event defined as observed clearance of all initially detected infections with such types. Women were allowed to contribute >1 event in these analyses following clearance of all previous qualifying infections. We also performed analyses investigating the representativeness of our sample of 75 women by comparing selected demographic characteristics with the rest of the cohort using χ 2 and 2-sample t tests.
RESULTS
Of the 1568 women entered into the natural history study, 204 women had at least 1 anal sample tested for HPV and 122 had at least 1 positive anal HPV test. Of these, 75 women had ≥3 years of anal HPV testing. Table 1 provides descriptive statistics characterizing the 75 women in the analysis sample and the remaining cohort. In comparison to the rest of the cohort (n = 1493), selected women were somewhat older, more likely to have experienced recent anal touching, more likely to drink alcohol weekly, less likely to be a smoker, and more likely to have a cervical HPV-16 and cervical HR-HPV at the time of recruitment. These women also had longer average participation times (138 ± 53 months vs 63.9 ± 55.2 months; P < .001). The mean age of the women at first anal HPV-positive visit was 23.5 ± 4.1 years and the mean number of months of follow-up after the positive test was 84.5 ± 44.9 months with a mean of 16 ± 7 visits. Figure 1 demonstrates the time to clearance of type-specific HR-HPV without HPV-16 (non-16 HR-HPV), LR-HPV types, and HPV-16. HPV-16 showed a trend for slower clearance than did non-16 HR-HPV (P = .09) and LR-HPV (P = .1). By 3 years, 82.5% of non-16 HR-HPV, 82.6% of LR-HPV, and 76.2% of HPV-16 infections had cleared (Table 2 ). Figure 2 and Table 2 demonstrate time to clearance of the 8 most prevalent HR-HPV types and HPV-18. HPV-16 was shown to clear more slowly than HPV-56 (P = .03) and HPV-66 (P = .01), with a trend for HPV-39 (P = .1). All the other types (18, 51, 52, 53, and 59) cleared at similar rates to HPV-16. No difference was found for clearance of non-16 HR-HPV types if there was coinfection with HPV-16 (P = .84).
Time to Clearance of All HR-HPV Types
We also examined time to clearance of all HR-HPV types defined by 2 consecutive visits negative for all HR-HPV types.
We found that overall clearance rates were low with only 56.5% showing no HR-HPV DNA and 36.4% showing no HPV DNA detection by year 3 ( Table 2 ). This underscores the commonness of repeated detections of anal HPV over the course of the study.
Factors Associated With HPV Clearance
Results from marginal and multipredictor regression models for variables associated with anal HPV clearance of type-specific non-16 HR-HPV, HPV-16, and all HR-HPV are summarized in Tables 3 and 4 , respectively. No significant deviations from proportional hazards were detected in regression models. Variables associated with slower type-specific non-16 HR-HPV clearance included having a concurrent cervical infection with the same HR-HPV type (P < .001). Concurrent cervical infection with the same HPV type remained significant even after adjusting for anal sex, condom use, number of recent partners, and prevalent infection status at baseline. Prevalent anal infections cleared more slowly than incident infections (hazard ratio = 0.62; 95% confidence interval [CI], .39-.96; P = .03). Table 3 (data not shown).
Variables displaying inverse marginal associations with HPV-16 clearance included concurrent cervical infection with HPV-16 (P = .013), anal touching during sex (P = .06), ever having anal sex (P = .1), greater number of total lifetime sex partners (P = .07), weekly alcohol use (P = .004), no anal condom use (vs no anal sex) (P = .06), and months on combined hormonal contraception (P = .04). Condom use during vaginal intercourse (P = .004) and having a recent new sex partner (P = .025) were associated with faster clearance. Prevalent infections also cleared more slowly than incident infections (hazard ratio = 0.33; 95% CI, .14-.77; P = .01). No other variables were significant.
In the multipredictor regression model for anal HPV-16 clearance (Table 4) , concurrent cervical HPV-16 (P < .001), weekly alcohol use (P = .015), and anal touching during sex (P = .045) were inversely associated with clearance. Greater number of recent new sex partners (P = .024) was associated with enhanced clearance. The model remained similar after adjusting for prevalent infections (data not shown). As condom use and reporting a new sex partner were highly correlated, they were entered separately into the model with concurrent cervical HPV-16, weekly alcohol use, and anal touching. Condom use during vaginal intercourse remained significant (P = .003), and the other variables had similar hazard ratio (Table 4) . Anal sex behaviors were also correlated, and thus were also entered separately (Table 4) . When excluding anal touching, ever having anal sex (P = .05) remained borderline significant in the model (P = .05). When we entered the other 2 anal sex behavior variables separately, they also remained significant-recent anal sex had a hazard ratio of 0.28 (95% CI, .08-.94; P = .04) and no anal condom use (vs no anal sex) had a hazard ratio of 0.16 (95% CI, .05-.51; P = .04). Last, among women with HR-HPV, we examined factors associated with clearance of all HR-HPV (Tables 3 and 4 ). In the bivariable analysis, slower clearance was associated with a cervical HPV detection of the same (P = .04) and other (P < .001) HR type at the visit, a cervical HPV with the same HR type at the previous visit (P = .06), greater number of lifetime partners (P = .016), history of ever having anal sex (P = .008), recent anal sex (P = .09), and no anal condom use (vs no anal sex) (P = .07). Faster clearance was associated with condom use during vaginal intercourse (P = .07). In the multivariable analysis, concurrent cervical with other HR-HPV types present (P < .001), total lifetime number of sex partners (P = .002), and ever having reported anal sex (P = .02) were associated with persistence, and condom use during vaginal intercourse was associated (P = .03) with faster clearance. When anal sex variables were entered separately into the model, excluding ever having anal sex, there was a nonsignificant trend associated with persistence for sexual anal touching (hazard ratio = 0.53; 95% CI, .24-1.2; P = .13) and no association for recent anal sex or anal condom use.
A sensitivity analysis with a stricter definition of clearance using 3 negative consecutive tests yielded similar results (data not shown).
DISCUSSION
We report on the natural history of anal HPV in heterosexual women over a mean of 5 years of follow-up. Although we observed variability in clearance rates between types, the majority of women experienced type-specific clearance of HR-and LR-HPV types during follow-up. Approximately 85% of women cleared LR types and non-16 HR-HPV infections by 3 years. Only 1 other study of anal HPV infection in women is available for comparison to our group [10] . Although their follow-up was much shorter, clearance at 1 year was similar to ours [10] . These clearance rates parallel those reported for cervical HPV infections in young women in our study as well as in others [17, 18] . In contrast, the rate of anal HPV-16 clearance was slower than that reported for the cervix. Only three-quarters of the women cleared anal HPV-16 by 3 years in this cohort. In comparison, we recently reported a 3-year clearance rate for HPV-16 infection of 83.2% Figure 2 . Type-specific clearance for the 8 most common human papillomavirus (HPV) types found in the anus and HPV-18. Women could be entered into analysis more than once. Abbreviation: HPV, human papillomavirus.
(95% CI, 78.3-87.5) for women participating in the same study [19] . This is similar to most other studies [20] . The slower rate noted for HPV-16 in the anus is not surprising as HPV-16 appears to be more important than the other HR-HPV types in anal cancers than in cervical cancers. More than 90% of anal cancers are associated with HPV-16 compared to slightly more than 50% of cervical cancers [21] . In one of our previous publications describing HPV type-specific cervical clearance in this group, cervical HPV-16 was noted to clear more slowly than HPV-6, -18, -66, and -84 but faster than HPV-62 and -68 [17] . No difference was found for HPV-51, -52, -53, and -59. In this study, we had only 6 types with sufficient data to compare and found similar data in that anal HPV-16 was slower to clear than HPV-18 and HPV-51, -52, and -53. The slower clearance rate noted for HPV-16 may be due to its ability to evade the host immune response through dampening of innate and adaptive immune responses [22] [23] [24] .
Interestingly, one of the strongest predictors of anal HPV-16 persistence was having a concomitant cervical infection with HPV-16. This might suggest that some type of global immune dysregulation is present, resulting in persistence of HPV at both mucosal sites [19] [20] [21] . Certainly, having had cervical intraepithelial neoplasia grade III or cervical cancer is a risk for anal cancer [25, 26] . The concurrent HPV-16 cervical infections may also suggest that the cervix is somehow a reservoir for anal HPV infections or vice-versa. Goodman and colleagues [27] demonstrated that a cervical HPV infection often preceded an incident anal infection and vice-versa, concluding that transmission of HPV between the anus and cervix was common and each served as a reservoir for the other. In our study, a preceding cervical HPV-16 detection did not predict persistence at the anus at the following visit, suggesting that the cervix was not a significant reservoir for persistence. On the other hand, cervix-to-anal transmission could have occurred during the 4-month interval. In support of possible cervical reservoirs resulting in repeated infections was the finding that anal touching was associated with anal HPV-16 persistence. Several studies have documented HPV DNA on hands and fingers, which thereby serve as a conduit between the cervix and anus [28, 29] . e Number of events with anal HR-HPV.
f In the case of multiple types, "other" was defined only if same type was not found.
g Reported since last visit.
*P < .1; **P < .05; ***P < .001.
The association with alcohol use suggests that high-risk behavior plays a significant role in HPV-16 persistence. Anal sex behaviors including anal intercourse, anal touching, and lack of condom use during anal sex were all associated with HPV-16 persistence. Interestingly, having a new sex partner and condom use during vaginal intercourse was associated with HPV-16 clearance. We speculate that both of these suggest that having a new partner reflects a dissociation with the previous partner who was responsible for the constant reexposure. Condom use is more commonly used with new partners than steady partners, thereby reflecting an association with the new partner [30] . Condom use may have also prevented the reexposure from the cervix. As seen with the cervix, prevalent HPV infections were associated with persistence compared to incident infection [31] . This finding has been attributed to the fact that these prevalent infections are already "persistent" and hence reflect some immune dysregulation.
Interestingly, the low rate of visits negative for all HPV underscores the commonness of anal HPV detections. Variables associated with clearance of all HR-HPV found similar associations as that for HPV-16 including concomitant cervical infections, condom use during intercourse, and ever having anal sex. The trend associations for anal touching underscore the importance of these behaviors in anal HPV reinfections.
Despite approaching the analysis in several ways, the lack of finding any behavioral associations for non-16 HR-HPV underscores the challenges in examining the natural course of anal HPV infections, specifically when there are multiple events such as incidence, clearance, and coinfections occurring simultaneously.
One of the limitations of this study was the relatively small sample size. In addition, women not consenting to anal testing may have influenced our results in that they were less likely to have higher-risk behaviors or engage in anal sex practices. These women may have cleared HPV faster and had different risks. On the other hand, if women refused testing because they were concerned that their high-risk behavior led to infection, exclusion of this population would also bias our results.
In conclusion, this longitudinal study of anal HPV in women with >5 years of observation demonstrates the commonness of repeated anal HPV detections, with only a third of women with an infection ever becoming negative for all HPV types by 3 years. On the other hand, type-specific clearance mimicked observations shown for cervical infections with >80% clearing by 3 years. The exception was HPV-16, which was slower to clear, consistent with its role in anal cancer. Sexual behavior highly influenced clearance rates, including digital-anal sex. Education and behavioral interventions could decrease rates of HPV-16 persistence and anal cancer. e Because recent new sex partner and condom use during vaginal intercourse were highly correlated, the variable "condom use during vaginal intercourse" was entered separately into the HPV-16 clearance model with concurrent cervical HPV with same type, weekly alcohol use, and recent sexual anal touching excluding recent new sex partners. In the model, condom use during vaginal intercourse remained significant (hazard ratio = 5.68; 95% CI, 1.82-17.7). Associations for the other variables in the model remain similar. f As the anal sex behavioral variables were highly correlated, each variable was entered separately into the HPV-16 clearance model with concurrent cervical HPV with same type, recent new sex partner, and weekly alcohol use. For ever had anal sex, hazard ratio = 0.35 (95% CI, .12-1.00); for recent anal sex, hazard ratio = 0.28 (95% CI, .08-.94); and for no anal condom use (vs no anal sex), hazard ratio = 0.16 (95% CI, .05-.51). Associations for the other variables remained similar in all the models. *P < .1; **P < .05; ***P < .001.
Notes
